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(54) Microwave monolithic integrated circuit package with improved RF ports 



(57) A mounting and protective package for a mon- 
olithic microwave integrated circuit die (16) operable in 
the K a -band is formed of two high temperature co-fired 
ceramic layers sandwiched by two metal layers 
(10,12,20,26) that minimize hermetic sealing problems. 
The package has high frequency input/output lines 
(40,42), each including a section defining a microstrip 
line (40a,41a). a section defining a shielded strip line 
(40b,41b), and a section defining a capacitor (40c,41c). 
The capacitor is precisely defined to provide optimum 
input/output transmission line impedance that mini- 
mizes loss. The integrated circuit die (16) is mounted 
within a recess (14,46) in the package and is wire 
bonded (22,24) to input and output capacitors (40c, 4 1c) 
that in turn are connected with shielded strip lines 
(40b,4ib) and microstrip lines (40a,41a) for both input 
and output. An unique configuration and location of con- 
ductive material filled vias (48a-48l, 63a-63l) intercon- 
nect a metallized base and a metallized lid of the 
package to define a resonant cavity that eliminate reso- 
nant or moding problems from 26-36 GHz operation. 
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Description 



This invention was made with Government support 
under Contract No. NAS 3-25864 awarded by the 
National Aeronautics and Space Administration. The 
Government has certain rights in this invention. 

BACKGROUND OF THF INVENTION 

1. Field of the invention 

The present invention relates to packaging of 
microwave monolithic integrated circuits and more par- 
ticularly concerns a package that provides low insertion 
loss and mode free operation at K a -band frequencies 



10 



2. Description of R elated Art 

For handling and protection, monolithic microwave 
integrated circuits (MMIC's), like many other types of 
integrated circuit dies, are mounted in protective pack- 
ages that provide shielding and protection for the die 
during handling and operation. Prior art protective pack- 
ages include a quartz package and multi-chip MMIC 
(monolithic microwave integrated circuit) module pack- 
age. 

The quartz packages use fused quartz for the con- 
struction of quartz wall and quartz substrate which are 
the main body of the dielectric layers for the RF trans- 
mission lines. The metal conductors are formed on the 
surface of the quartz substrate through thin film or thick 
film processing before the quartz wall and the quartz 
substrate are fired together with glass seal material. 
The transmission line design of the RF port for the 
quartz package is based on two sections of microstrip 
line outside the quartz wall and a strip line section within 
the wall. The fused quartz material selected for the die- 
lectric layers of the package is good for the RF transmis- 
sion lines due to the low dielectric constant and the low 
loss tangent of the quartz material. Unfortunately, with 
the metal conductors between the quartz wall and the 
quartz substrate, the quartz seal material for sealing 
these two layers together do not meet military specifica- 
tions, such as the MIL-Std-883 seal test requirements. 
Insertion loss of engineering quartz packages have 
been tested to be as low as .4 dB at 35 GHz from each 
port (1.24 dB for the two ports), in a model having an 
integrated microstrip line connecting the two RF 
input/output ports. This means the testing has not taken 
into consideration the effect of any wire bonding. Subse- 
quent engineering runs using both discrete microstrip 
line and wire bonding for connecting the two RF ports 
have, on the other hand, shown more than 2 dB inser- 
tion loss for the two ports. 

Analysis of this inconsistent performance has 
uncovered two major causes of the inconsistency (1) 
failure of the glass seal not only causes the package to 
fail to meet seal test requirements, but also forms incon- 
sistent transmission lines, and (2) wire bonds connect- 
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mg the package and the discrete microstrip line cause 
suDsiantiai insertion loss. Since both the microstrip line 
on the RF port of the package and the discrete micros- 
trip line are 50 ohm transmission lines separated by air 
the wire bond for connection produces enough induct- 
ance to induce significant insertion loss at K a -band 
operation. The multi-chip MMIC module package of the 
prior art was designed to operate at up to 30 GHz This 
package was formed of a multi-layer (5 layers) ceramic 
frame whose layers are metallized over most of both 
surfaces and co-fired. Additional metallization of the 
inner wall and outer wall are needed to form an electri- 
cal cavity for this kind of ceramic package. The trans- 
mission line design of the multi-chip MMIC module 
package for the RF port is based on microstrip lines out- 
side the wall and a through-wall strip line within the 
shielded wall. The insertion loss for each of these ports 
is less than .5 dB at 30 GHz. At 35 GHz, the total inser- 
tion loss for the two RF ports is expected to exceed 2 
dB. Both the above mentioned quartz package and the 
multi-chip ceramic package have a specific unique con- 
figuration to serve a certain purpose. Yet, none of these 
packages is useful at 35 GHz and beyond. In addition 
due to the complexity of the prior art, low cost and com- 
mercialization are not easy to achieve. 

Accordingly, it is an object of the present invention 
to provide a K a -band MMIC package that avoids or min- 
imizes above-mentioned problems. 

™ SUMMARY OF THE INVFNTIOM 



In carrying out principles of the present invention 
according to a preferred embodiment thereof, an inte- 
grated circuit chip K a -band package is formed of a die- 
lectric substrate having an opening therein, a dielectric 
wall co-fired to the substrate, a metal base brazed to the 
bottom side of the substrate, and a separate package lid 
for capping the package after the chip is mounted and 
the wire bond connected, forming an enclosed cavity. All 
the metal conductors and metal filled vias needed to 
form the package wall, the DC bias ports and RF trans- 
mission lines are co-fired together with the dielectric lay- 
ers. J 

According to a feature of the invention, the trans- 
mission line design includes a microstrip line for con- 
nection of the RF transmission line to external circuitry, 
a shielded strip line within the wall structure and a 
capacitor outside the wall and adjacent the chip mount 
recess. This integrated capacitor, substituting for a con- 
ventional microstrip line of prior art, provides the 
needed capacitance to compensate for inductance 
induced by the wire bond connection of the chip 
thereby forming a corrected 50 ohm transmission line 
and reducing insertion loss. The RF input/output ports 
each including a microstrip line, a shielded strip line 
within the improved package wall, and a capacitor all 
integrated in each RF port, combine with a simplified 
and improved electrical cavity structure formed by two 
ground planes and an array of metal filled vias This 
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configuration contributes to a very low insertion loss 
(less than 1.3 dB for the two RF ports combined) and 
mode free operation at a wide range of K a -band fre- 
quencies (from 26 to 36 GHz). 

The package described herein is a cost effective, s 
high performance package of a simple structure which 
can be easily reproduced using high temperature or low 
temperature co-fired ceramic fabrication procedure. 

BRIEF DESCRIPTION OF THE DRAWINGS 10 

In the accompanying drawings: 

FIG. 1 is a sectional view of a die enclosed in a 
package embodying principles of the present inven- is 
tion; 

FIG. 2 is an enlarged and exploded view of ele- 
ments of the packaged die of FIG. 1 ; 
FIG. 3 is a plan view of the die package without the 
die and showing the lid in phantom line; and 20 
FIGS. 4, 5 and 6 are sectional views taken on lines 
4-4, 5-5, and 6-6 of FIG. 3. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 25 

The package illustrated in cross section in FIG. 1, 
and in the exploded pictorial view in FIG. 2. includes a 
metal base 10, which is preferably formed of kovar or 
other equivalent metal such as copper tungsten com- 30 
posite, and to the upper surface of which is brazed the 
metallized lower surface of a dielectric substrate 12 
formed of a suitable nonconductive material, such an 
aluminum oxide (AL 2 0 3 ) ceramic having a dielectric 
constant of 9.5. The ceramic substrate 1 2 has an open- 35 
ing 14 formed in an interior portion thereof, and which 
receives an MMIC chip 16 resting on the upper surface 
of base 10 and secured thereto by an electrically con- 
ductive adhesive 18. Circuitry of the chip is operable in 
the K a -band, in a range of frequencies between about 40 
26 and 36 GHz. The chip has an electrically conductive 
underside that forms a ground plane for the chip cir- 
cuitry. This ground plane is adhesively secured and 
electrically connected to the metal base 10 by the adhe- 
sive 1 8. 45 

To extend the height of the recess 14, a layer that 
forms a wall structure 20 is co-fired to the upper side of 
the substrate. Wall structure 20 is also formed of a 
ceramic such as aluminum oxide having a dielectric 
constant of 9.5, and is metallized on its upper surface. A so 
plurality of traces (see FIG. 2) are formed on the upper 
surface of substrate 12 and connected by wire bonds, 
such as wires 22,24 (FIG. 1 ), to connecting pads 1 7 and 
19 (FIG. 2) on the upper surface of the chip. The sub- 
assembly of the chip within the recess of its several 55 
package layers (metal base, metallized substrate and 
metallized wall) is hermetically sealed by a lid 26 formed 
of a suitable metal, such as gold plated kovar, that is sol- 
dered to the metallized upper surface of the wall 20. 



An array of vias 30,32 (and others not shown in 
FIG. 1) circumscribes the recess, in a pattern illustrated 
in FIGS. 2 and 3, and are filled and metallized with elec- 
trically conductive material. The vias form electrically 
conductive paths between the metal lid 26 and the 
metal base 10. Accordingly, the array of metallized vias, 
together with the lid and base, form an electrical cavity 
that further diminishes insertion losses in the K a -band 
range of between 26 and 36 GHz, and eliminates mod- 
ing problems. 

Parts of the package assembly of FIG. 1 are illus- 
trated, greatly enlarged, in the exploded view shown in 
FIG. 2. The metal or kovar base 10, having a dimension 
of 0.28 x 0.28 inches and a thickness of .010 ± .001 
inches in a specific embodiment, is brazed to the next 
layer, substrate 12. The substrate 12 is a ceramic sub- 
strate having the same dimensions as the base and, in 
a particular exemplary embodiment, a thickness of 
0.015 ± .001 inches. Formed on the upper surface of 
dielectric substrate 12 is a pattern of electrically con- 
ductive traces, including ten low frequency or DC traces 
36a-36j and first and second oppositely disposed 
input/output traces 40,42. 

When the substrate is assembled together with the 
base, wall and lid, traces 40,42 form parts of the high 
frequency input and output transmission lines. These 
include a microstrip line section 39a (FIG. 4) at an out- 
ermost section, a shielded strip line section 39b (FIG. 5) 
at an intermediate section, and a capacitor section 39c 
(FIG. 6) at an innermost section. The capacitor is con- 
nected to the wire bonds of the chip. The input/output 
transmission lines, their structure and operation will be 
discussed in detail below. 

Substrate 1 2 is formed with a plurality of vias 48a 
through 48I (12 in all) which are filled with a conductive 
metallized material, such as tungsten or a mixture of 
high temperature metals which are then plated with 
nickel and gold. 

Hole 14 and the vias of the substrate 12 are 
punched from the substrate at a green (unfired) stage. 
Hole 14 forms part of the recess in which the chip is 
physically located. 

Co-fired to the upper surface of the substrate 1 2 is 
a second aluminum oxide ceramic layer forming the wall 
structure 20. Wall structure 20 also has an opening 46 
which is larger than the opening 14 in substrate 12. 
Opening 46 circumscribes and is aligned with or sym- 
metrically disposed about hole 14 in the substrate. Con- 
figuration and position of wall structure 20 and its 
opening relative to the substrate and the substrate 
opening are shown in dotted lines on the substrate 12 in 
FIG. 2 to better illustrate the relative size and location of 
the wall portions and the openings of the two layers. 
This relative positioning is also shown in FIG. 3. The 
wall structure 20 is formed with front and rear rectangu- 
lar cutout portions 50,52 and left and right trapezoidal 
cutout portions 54,56. These several cutout portions, 
together with central opening 46, effectively form a wall 
front rail 58, a wall back rail 60, a wall left rail 62 and a 
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wall right rail 64. Wall structure 20 also is formed with a 
plurality of electrically conductive vias 63a through 63! 
which are arranged in a pattern congruent with and 
aligned with the pattern of the substrate vias 48a-48l so 
as to provide straight conductive paths along each via 5 
from the conductive lid to the conductive base. These 
rails, openings and vias of the wall structure are also 
punched from the wall at a green stage. 

Soldering of the gold plated kovar lid 26 to the wall 
20 completes the assembly after the chip is inserted w 
into the package recess, adhesively secured, and wire 
bonded to corresponding traces of the input/output 
transmission lines. 

During manufacture of the package the traces on 
top of the substrate, the vias, the top surface of the wall 15 
and the bottom surface of the substrate are screen 
printed with tungsten before being simultaneously fired 
in the furnace. The traces formed thereon are indicated 
by numbers 36a-36j, 40 and 42. These traces are 
formed by a thin tungsten paste that is screen printed so 
upon the substrate. After the screen printing of the 
traces, wall, and substrate, the wall structure 20 is posi- 
tioned atop the substrate surface. The two ceramic lay- 
ers (with the substrate traces at this stage of assembly 
defined only by the pattern of tungsten paste) are then 25 
pressed together and fired at a temperature in the order 
of 1,500 to 1.600'C. thereby bonding the two ceramic 
layers to one another and vaporizing the organic binder 
material that binds the aluminum oxide and the tungsten 
paste. In this process tungsten traces are bonded to 30 
and between the ceramic substrate and the ceramic 
wall. Although temperatures of 1500° to 1600°C are 
used in a presently preferred embodiment, the invention 
can be implemented employing either high or low tem- 
perature fired materials and processes. 35 

As can be seen in FIGS. 2 and 3, the wall structure 
covers only intermediate sections of the several traces 
formed on the substrate. Each of these traces, after 
heat bonding of the wall structure to the substrate, has 
exposed inner and outer portions on either side of the 40 
front, back, left and side rails of the wall. These exposed 
trace portions are then further metallized by being 
coated with nickel and then gold. Accordingly, the trace 
sections on either side of the four wall rails are com- 
posed of successive layers of tungsten, nickel and gold, 45 
whereas intermediate trace sections directly between 
the wall and substrate (e.g., directly under the wall rails) 
are composed only of tungsten. These covered interme- 
diate tungsten sections are not exposed and need no 
protective nickel and gold coating. 50 

The laminated wall structure and substrate are then 
placed on the base, and the substrate is brazed to the 
base. When the chip is ready for mounting in the pack- 
age, the chip is located within the recess that is formed 
by the aligned, relatively symmetrically disposed open- 55 
ings in the substrate and wall structure. The opening in 
the wall structure is significantly larger than the opening 
14 in the substrate, so as to provide the exposed trace 
sections on the inner side of the wall rail, for wire bond- 



ing to the chip pads. The chip connecting pads are wire 
bonded to respective ones of the traces 36a-36j, 40 and 



As can be seen in FIG. 3, wall structure 20 has 
exterior dimensions congruent with the exterior dimen- 
sions of the substrate 12 and base 10. The wall struc- 
ture 20 is positioned relative to the base so that the front 
and back cutout portions 50,52 of the wall (FIG. 1) leave 
unexposed substrate areas having inner portions 70 
(FIG. 2) that are outside of the substrate recess 14 but 
inside of the wall recess 46, and having outer portions 
71 at the front of the substrate that are outside of front 
rail 58. Similarly, the back rail 60 of the wall structure 
leaves exposed substrate areas 72,73 on either side of 
the back rail. The left and right side trapezoidal wall cut- 
outs 54,56 leave uncovered left and right lateral sub- 
strate outer areas 74,76 and uncovered left and right 
lateral substrate inner areas 75,77. These provide the 
uncovered outer trace sections 40a,42a and uncovered 
inner trace sections 40c,42c (FIG. 3) of the input/output 
transmission lines, which are generally indicated collec- 
tively (as above stated) at 40 and 42 in FIG. 2. Accord- 
mgly, after the wall structure is laminated and bonded to 
the substrate, the exposed sections of the several 
traces 36a through 36j and the input/output traces are 
further coated with nickel and gold, as previously 
described. 

As can be seen in FIGS. 2 and 3, various ones of 
vias 48a-48l and 63a-63l are positioned between the 
traces 36a through 36e on the front side and between 
corresponding traces on the back side of the wall and 
substrate. Four of the vias (at the via array corners) 
48a, 48f, 48g and 481 in the substrate and 63a, 63f, 63g 
and 631 in the wall structure are positioned inwardly of 
the laterally aligned front vias 48b-48e, 63b-63e and 
the corresponding laterally aligned row of back vias 
48h-48k, 63h-63k. These inwardly positioned vias are 
specifically positioned to cooperate with strip line trace 
sections 40b and 42b to provide two shielded strip lines. 

In a specific embodiment the vias are laterally 
spaced at 0.040 inches on centers. The front and back 
lines of vias are spaced inwardly of the front and back 
outmost edges of the substrate by 0.060 -inches The 
corner vias (48a, 48f, 48g. 481, 63a, 63f, 63g, 631) of the 
generally rectangular via array are displaced inwardly 
away from the center lines of the strip line trace sec- 
tions, by 0.073 inches. These vias, together with the 
metal lid and base define a resonant electrical cavity 
encompassing the chip and that helps to avoid reso- 
nance in the K a -band frequency range of about 26-36 
GHz. 

FIGS. 4. 5 and 6 show the outer, intermediate and 
inner sections of each of the left and right input/output 
(I/O) transmission lines, generally designated as 40 42 
The left side transmission line includes an outer section 
39a forming a microstrip line, an intermediate section 
39b (covered by wall rail 62) and forming a shielded 
strip line section, and an inner section 39c extending 
between the wall rail 62 and the edge of substrate 
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recess 14. This transmission line inner section 39c 
forms part of a capacitor. 

FIG. 4 is a section taken on line 4-4 of FIG. 3 (with 
the lid omitted), showing the microstrip line section 39a 
of the left side I/O transmission line. This includes a s 
lower conductor section 80, which is actually formed by 
the electrically conductive base 10, the interposed sub- 
strate 12, and the trace section 40a. These three ele- 
ments, together with the conductive trace section 40a, 
the conductive base 80 and the interposed dielectric 12, io 
form the microstrip transmission line section 39a at the 
outermost portion of the left I/O line of the assembly. 

As can be seen in FIG. 5, the shielded strip line 
transmission line section 39b of the I/O line again 
includes a lower conductive element formed by base 15 
portion 80 and the interposed substrate 12. The 
shielded strip line section also includes intermediate 
trace section 40b, the two adjacent vias 48a, 48I (FIG. 
3), a second interposed dielectric portion 20 formed by 
wall rail 62, and a portion 84 formed by the lower side of 20 
the metallic electrically conductive kovar lid 26. This 
shielded strip line section of the I/O is completely cov- 
ered by the left wall rail 62 and shielded in part by con- 
ductive vias 48a, 48I. 

The innermost transmission line section 39c of the 25 
left I/O transmission line forms a capacitor of a particu- 
lar size and configuration. This section 39c forms the 
capacitor that is connected to the die by means of the 
wire bond 21, and directly to the shielded strip line sec- 
tion 39b and thence to the microstrip line section 39a. It 30 
will be understood, of course, that circuitry outside of 
the package assembly is connected to the outer end of 
the microstrip line and to the outermost ends of conduc- 
tive traces 36a through 36j. 

As can be seen in FIG. 6 capacitor 39c is formed by 35 
the upper side 80 of base structure 10, the interposed 
dielectric substrate 12 and the innermost portion 40c of 
the trace that is deposited on the substrate, including 
nickel and gold deposited after the wall 12 has been 
bonded to the substrate. Above the trace portion 40c, as 40 
seen in FIG. 6, is a space or air portion 92, and then the 
lowermost metallic portion of metallic lid 84. Neither the 
lid 84 nor the air space 92 forms part of the capacitor. 

Capacitor trace part 40c is deposited on the sub- 
strate 12 with a specific width and length that cooper- 45 
ates with the base portion 80 and dielectric between the 
trace 40c and the base to form a capacitor 39c of prede- 
termined electrical capacitance. The capacitor dimen- 
sions are chosen to provide a capacitance adapted to 
compensate for the inductance induced by the wire so 
bond connection. Therefore the input impedance of the 
entire transmission line can be maintained at an accept- 
able level throughout the concerned K a -band frequen- 
cies. 

In a particular example, the capacitor trace section 55 
40c has a width of .0146 ± .001 inches and a length of 
0.012 inches with a tapered transition to the narrower 
shielded strip line trace section. The width and the very 
short length of capacitor trace section 40c provide a 



capacitance for capacitor 39c that will compensate for 
the inductance induced by the 10 mil long x 0.0007" 
diameter, gold wire connecting the capacitor trace 40c 
to the bond pad 21 of MMIC die 16. Therefore the 50 
ohm impedance at the K a -band frequencies can be 
maintained. The shielded strip line section 39b itself has 
a length of .022 inches and a width of 0.0056 ± .001 
inches. Microstrip line section 39a of the I/O transmis- 
sion line has a length of 0.026 inches to the point at 
which it starts to taper to the narrower shielded strip line 
section 39b and has a width substantially equalto the 
width of the capacitor, namely 0.0146 ± .001 inches. 
The length of capacitor section 39c is much less than 
the length of microstrip line section 39a. 

In this embodiment the right one of the input/output 
lines, line 42, is identical to the left one, line 40, of the 
input/output lines, although of opposite hand. The two 
are symmetrical in location and identical in size. How- 
ever, for use with a specific die, in which I/O pads are 
asymmetrically positioned from front to back, the I/O 
lines 40,42 will be correspondingly positioned so that 
the I/O lines may be lined up with the bond pads 21 and 
23 (FIG. 2) of the specific die. However, the vias 48a, 
63a, and 48I.63I are symmetrically positioned to the 
center line of the line 40 by 0.073" for the corresponding 
width 0.0056" ± 0.001" of strip line 40b. The same the- 
ory applies to the line 42 and vias 48f,63f,48g,63g. The 
lines of vias themselves are sequentially positioned, 
frbnt to back, and side to side, relative to the base and 
wall outer boundaries and relative to the base and wall 
openings. 

The package described above provides RF trans- 
mission lines into and out of the package, each trans- 
mission line consisting of a micro-strip transmission line 
section, a shielded strip line transmission line section 
and a capacitor section all integrally formed with one 
another and integrated together with the package. The 
shielded strip line section as illustrated in FIG. 5 is 
formed of portions of the dielectric wall 20 and substrate 
12 with the interposed trace portion 40b together with, 
for the left side of the package as viewed in FIG. 3, the 
two vias 48a and 481 that are positioned on opposite 
sides of the shielded strip line section. These vias each 
have a diameter of 0.008 inches and are positioned 
0.146 inches apart, being filled with tungsten physically 
and electrically connect the metallization of the upper 
surface of dielectric wall 20 and the metallization of the 
lower side of the lower dielectric substrate 12. The 
capacitor portion of the RF transmission line, as can be 
seen in FIG. 6, is formed of the trace portion 40c and a 
portion of the substrate dielectric 12. The dielectric 12 
has a thickness of 0.015 inches, a dielectric constant of 
9.5. The capacitor trace portion has a length of 0.012 
inches and a width of 0.0146 inches. This produces a 
capacitance which compensates for inductance that is 
induced by the wire bond which connects the input or 
output port of the chip to the RF I/O port of the package. 

There has been described an improved K a -band 
MMIC package formed of materials that are readily and 
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inexpensively processed and simple, but effectively 
sealable io provide a good hermetically seaied enclo- 
sure, importantly, I/O transmission lines include a pre- 
cisely formed and dimensioned capacitor that reduces 
insertion losses and a fully shielded strip line section 
between the wall and substrate. An array of vias help to 
define an electrical cavity that can be operated within 
26-36 GHz without resonances. 

Claims 
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1. A high frequency integrated circuit die package 
comprising: 

an electrically conductive base (10), 

a dielectric substrate ( 1 2) having an' opening is 
(14) therein, 

a package wall section (20) bonded to the 
base and circumscribing said opening, 

a die (16) mounted within said substrate 
opening and having a plurality of connecting pads 20 

a lid (26) bonded to the wall section, and 
a plurality of conductive traces (36,40,42) 
formed on said dielectric substrate and positioned 
between a portion of said substrate and said wall 25 
section, at least some of said traces (40.42) forming 
an input/output transmission line having a series 
connected microstrip line section (40a). a shielded 
strip line section (40b), and a capacitor section 

said capacitor section being electrically con- 
nected to one of said connecting pads of said die. 

2. The high frequency die package of Claim 1 wherein 
one of said conductive traces (10) includes a 35 
capacitor trace section (40c) and wherein a capaci- 
tor is defined by and between said base and said 
capacitor trace section. 

3. The high frequency die package of Claim 1 or 2 40 
wherein said capacitor section (40c), said micros- 
trip line section (40a), and said shielded strip line 
section (40b) are all formed at least in part by a sin- 
gle continuous trace deposited on said substrate, 
and wherein said capacitor section that defines said 45 
capacitor has a length that is less than the length of 
said microstrip line section. 

4. The high frequency die package of any of Claims 1 , 

2 or 3 wherein said capacitor section (40c) of said so 
input/output transmission line has a width not more 
than half the length of said microstrip line section 
(40a) of said input/output transmission line. 

5. The high frequency die package of Claim 1 , 2. 3 or 55 
4 wherein said base section (10) and said wall sec- 
tion (20) each comprises a ceramic material and 
wherein said wall section is heat bonded to said 
substrate (12). 



6. The high frequency die package of Claim 1 , 2, 3 or 
4 wherein said wall section (20) and substrate (12) 
are formed of a ceramic material and including a 
plurality of vias (48.63) extending through said wall 
section and substrate between said lid and base, 
and an electrically conductive filling in said vias. 

7. The high frequency die package of Claim 1 wherein 
said wall section (12) comprises an aluminum oxide 
wall having an outer surface thereof coated with 
successive layers of tungsten, nickel and gold. 

3. The high frequency die package of Claim 1 wherein 
said microstrip line section is defined by (a) a micro- 
strip trace section (40a) formed on an outer portion 
of said substrate, (b) a portion of said base (10) and 
(c) a portion of said substrate (12) interposed 
between the base and said microstrip line trace 
section, and wherein said shielded strip line section 
(40b) is formed by (a) an intermediate section (40b) 
of a trace section formed on said substrate, (b) a 
portion of said base (20) and a portion of said sub- 
strate (12) interposed between said intermediate 
trace section and said base, and (c) a shield portion 
of said lid (26) positioned adjacent said shielded 
strip line trace section. 

9. The high frequency die package of Claim 1 , 2, 3 or 
4 wherein said wall section (12) includes a rail (62) 
that covers an intermediate section of said 
input/output transmission line (40), said input/out- 
put transmission line having exposed inner and 
outer line sections and an intermediate line section 
covered by said wall section rail, said intermediate 
line section comprising a layer of tungsten (40b), 
and said inner and outer line sections each com- 
prising successive layers of tungsten, nickel and 
gold. 

1 0. The high frequency die package of Claim 9 wherein 
said inner line section (40c) has a length that is less 
than the width of said outer line section (40a) and 
wherein said inner line section cooperates with an 
adjacent portion of said base and an interposed 
portion of said substrate to define a high frequency 
capacitor that controls impedance of said input/out- 
put transmission line. 
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(54) Microwave monolithic integrated circuit package with improved RF ports 



(57) A mounting and protective package for a mon- 
olithic microwave integrated circuit die (16) operable in 
the K a -band is formed of two high temperature co-fired 
ceramic layers sandwiched by two metal layers 
(10,12,20,26) that minimize hermetic sealing problems. 
The package has high frequency input/output lines 
(40,42), each including a section defining a microstrip 
line (40a,41a), a section defining a shielded strip line 
(40b,41b), and a section defining a capacitor (40c,4 1c). 
The capacitor is precisely defined to provide optimum 
input/output transmission line impedance that mini- 
mizes loss. The integrated circuit die (16) is mounted 
within a recess (14,46) in the package and is wire 
bonded (22,24) to input and output capacitors (40c,41c) 
that in turn are connected with shielded strip lines 
(40b,41b) and microstrip lines (40a,41a) for both input 
and output. An unique configuration and location of con- 
ductive material filled vias (48a-48l, 63a-63l) intercon- 
nect a metallized base and a metallized lid of the 
package to define a resonant cavity that eliminate reso- 
nant or moding problems from 26-36 GHz operation. 




Primed by Xerox (UK) Business Services 
2.16.3/3 4 



EP 0 725 441 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 10 1230 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



1 Y 
A 



IP,A 



Citation of document with indication, where appropriate 
of relevant passages 



US 5 140 407 A (KAMADA CHIYOSHI) 18 August 
1992 * 

* column 4, line 30 - column 7, line 44- 
figures 1-3,7,9 * 

PATENT ABSTRACTS OF JAPAN 
vol. 007, no. 144 (E-183), 23 June 1983 
& JP 58 057739 A (NIPPON DENKI KK ) 6 
April 1983 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 015 , no. 130 (E-1051), 29 March 1991 
& JP 03 013103 A (TOSHIBA CORP), 22 
January 1991 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 006, no. 211 (E-137), 23 October 1982 
& JP 57 115852 A (MITSUBISHI DENKI KK ) 
19 July 1982 

* abstract * 

US 3 825 805 A (BEL0H0UBECK E ET AL) 23 
July 1974 

* column 2, line 5 - column 4, line 47- 
figures 1-3 * 

US 5 465 008 A (GOETZ MARTIN ET AL ) 7 
November 1995 

* the whole document * 



Relevant 
to claim 



1 

5,6 
1 



1-10 



1-10 



US 5 117 068 A (SEIEROE LOUIS M ET AL) 26 
May 1992 

* the whole document * 

_/-- 



The present search report has been drawn up for aJI claims 



1-10 



1-10 



1,6 



Race of search 

THE HAGUE 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



Date of completion of the search 

28 August 1998 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



H01L23/66 



TECHNICAL FIELDS 
SEARCHED {lnt.Ct.6) 



H0.1L 



Examiner 



Kirkwood, J 



T : theory orpnnciple underlying the invention 
E : earlier patent document, but published on or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 



XCID: <EP 0725441A3 I > 



2 



♦ 



EP 0 725 441 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 10 1230 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
ot relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



US 4 881 116 A (HIOADA N0RI0 ET AL ) 14 
November 1989 

* the whole document * 

US 4 901 041 A (PENGELLY RAYMOND S) 13 
February 1990 

* the whole document * 

US 4 953 001 A (KAISER JR JOSEPH A ET AL) 
28 August 1990 

* the whole document * 



1-10 



1-10 



1-10 



TECHNICAL FIELDS 
SEARCHED (lnt.CL6) 



The present search report has been drawn up lor all claims 



Place ol search 


Dale ol completion ol the search 


Examiner 


THE HAGUE 


28 August 1998 


Kirkwood, J 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y • particularly relevant if combined with another 

document of th9 same category 
A • technological background 
O • non-written disclosure 
P • intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : merrtDer of the same patent family, corresponding 
document 



3 



